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ABSTRACT 

We investigate the use of optical variability to identify and study Active Galactic Nuclei 
(AGN) in the GOODS-South field. A sample of 22 mid-infrared power law sources and 102 
X-ray sources with optical counterparts in the HST ACS images were selected. Each object is 
classified with a variability significance value related to the standard deviation of its magnitude in 
five epochs separated by 45-day intervals. The variability significance is compared to the optical, 
mid-IR, and X-ray properties of the sources. We find that 26% of all AGN candidates (either 
X-ray- or mid-IR-selected) are optical variables. The fraction of optical variables increases to 51% 
when considering sources with soft X-ray band ratios. For the mid-IR AGN candidates which 
have multiwavelength SEDs, we find optical variability for 64% of those classified with SEDs like 
Broad Line AGNs. While mostly unobscured AGN appear to have the most significant optical 
variability, some of the more obscured AGNs are also observed as variables. In particular, we 
find two mid-IR power law-selected AGN candidates without X-ray emission that display optical 
variability, confirming their AGN nature. 

Subject headings: galaxies: active 

1. INTRODUCTION 

Active Galactic Nuclei (AGN) are envisioned to 
be accreting supermassive black holes at the cen- 
ters of galaxies. Monitoring variability in these 
sources is an important way to extract information 
about the compact object within, as the timescales 
over which this variability is seen can provide in- 
formation about the size and structure of the re- 
gion from which the emission originates in order 
to place physical constraints on the central en- 
gine within. AGN are known to show variability 
on a variety of timescales: the optical line emis- 
sion and continuum flux from quasars (QSOs) has 
been observed to vary on timescales of months to 
years, while X-ray flux from these sources varies on 
shorter timescales of hours to days (Peterson 2001 
& references therein). The mechanism behind this 
variability is still uncertain, though many theories 
have been formulated to explain this phenomenon. 



The leading explanation for the observed variabil- 
ity is that changes in magnitude are related to ac- 



cretion events or disk instabilities (jPerevra et al 



2006). Other explanations for variability include 



changes in magnitude due to supernovae, star- 
bursts, or microlensing events (e.g., Aretxaga & 
Terlevich 1994). 

It has been shown that 80-100% of AGN can- 
didates vary in the optical over the course of sev- 
eral years (e.g., Koo, Kron, & Cudworth 1986). 
Webb & Malkan (2000) found that 60% of Low- 
Luminosity AGNs (LLAGNs, those with lumi- 
nosities Mb>-23) varied when studied over a pe- 
riod of months. Thus, optical variability is an 
important and successful method for identifying 
AGN in imaging surveys. Indeed, there is some 
evidence that LLAGN exhibit greater amplitude 
flux changes than do their bright er counterparts 
( Bershadv. Trevese. fc Kronl Il998f ) , making vari- 
ability a particularly effective means for their iden- 
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tification. LLAGN represent a significant contri- 
bution to the X-ray, IR, and UV backgrounds, so 
knowledge of their space and luminosity distribu- 
tion at a range of redshifts is important. They may 
also represent an important phase of galaxy evo- 
lution, which conne cts normal and active galaxies 
(|Croton et al.ll2005r i. 

This paper presents the initial results from a 
variability survey of the Great Observatories Ori- 
gins Deep Survey (GOODS) South and North 
fields to identify optically varying AGN, particu- 
larly LLAGN, at z~l using small aperture pho- 
tometry to isolate galactic nuclei. This tech- 
nique has been shown to successfully identify faint 
AGN in high - resolution HST multi-epoch imag- 
ing surveys dSaraiedini. Gilliland. fc Kasml 120031: 



Saraiedini et al. 2006h . 

The GOODS images were obtained with the 
HST Advanced Camera for Surveys (ACS) over 
five epochs separated by 45-day intervals, allow- 
ing for optical variability to be monitored over 
a six-month period. Our initial study focuses on 
a pre-selected sample of galaxies in the GOODS- 
South field based on X-ray and/or IR properties. 
In this paper, we investigate the optical variabil- 
ity of AGN candidates having a range of obscur- 
ing properties, from soft X-ray sources to highly 
obscured mid-IR sources lacking X-ray emission. 
The aim of our study is twofold: 1) to confirm via 
optical variability the AGN nature of candidates 
identified in multiwavelength surveys, and 2) to 
quantify the use of optical variability in identify- 
ing various types of AGN for use in interpreting 
the results of our larger forthcoming survey of all 
optical sources in the GOODS South and North 
fields. 

2. AGN CANDIDATES 

The galaxies in this study were chosen from two 
catalogs. The first is a sample of mid-infrared- 
selected AGN candidates from Alonso-Herrero 
et al. (2006) with optical counterparts in the 
GOODS-South field. These galaxies were selected 
using Spitzer/MIPS 24 fim observations and are 
well-fit with a power law spectral energy distri- 
bution (SED) through the Spitzer IRAC bands 
at 3.6, 4.5, 5.8, and 8 fim. The second sample 
consists of X-ray sources compiled by Giacconi 
et al. (2002) and Alexander et al. (2003) using 



the Chandra X-ray observatory. The Chandra 
Deep Field South (CDFS), which encompasses 
the GOODS-South ACS field, is a combination of 
11 individual pointings taken with the Advanced 
Camera Imaging Spectrometer (ACIS-I) covering 
a range of 0.2-10 keV with a total exposure time 
of 942 ks. 

In the next sections we discuss how the sources 
in these catalogs were cross-matched with optical 
sources in the ACS fields for inclusion in our vari- 
ability survey. It was first necessary to estimate 
the optical magnitude to which photometry could 
be accurately and robustly obtained. To do this, 
we obtained photometry of optical sources in four 
epoch 1 frames (sections 4, 8, 10, and 12) to cover 
a large spatial range in the GOODS field. We 
used the IRAF tool DAOfind to locate all sources 
in order to construct a histogram of number vs. 
nuclear (r = 0.075" or 2.5 pixels) V magnitude. 
We measured the magnitude of the galaxy nuclei 
as we would be doing to identify nuclear variability 
in the selected samples. This histogram revealed 
a sudden drop in number counts beginning at a 
nuclear V magnitude of 27. We therefore chose 
a magnitude cutoff of 27 and any objects with 
average magnitudes fainter than V„ uc = 27 were 
not considered in our analysis. This limit is also 
consistent with the limiting magnitude to which 
nuclear variability may expect to be detected us- 
ing fixed aperture photometry for galactic nuclei 
extending to z~l. In the current dataset, we ex- 
pect to become less sensitive to a varying nucleus 
within a host galaxy at nuclear V magnitudes of 
-27.5.0 

2.1. IR-Selected Galaxies 

Alonso-Herrero et al. (2006) identified 92 galax- 
ies within the CDFS which were detected at 24 
/im and display power law-like emission from 3.6 
to 8 ^m. These galaxies were selected at 24 
,um because at z>l a large fraction of these ob- 
jects should be Ultra-Luminous InfraRed Galax- 
ies (ULIRGs, with L IR >10 12 Uun). ULIRGs 
are known to h ave a steep power law-like SEP 
in th e infrared (San ders et al. 1988; iKlaas et al 



20011 ) and many are classified as QSOs. Alexan- 
der et al. (2005) showed that at least 40% of IR- 



1 See discussion in Sarajedini, Gilliland, & Kasm (2003), Sec- 
tion 3, for further discussion of this effect. 
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luminous high-redshift galaxies contain AGN, and 
similar results at z=l-2 ha ve been found w ith re- 
cent Spitzer observations ( Yan et al. 2005^ 1 . All 
of the sample galaxies are luminous in the IR: 
30% are hyper luminous (L IR >10 13 L sun ), 41% 
are ULIRGs (L /fl -10 12 - 10 13 L sun ), and all but 
one are Luminous IR Galaxies (LIRGs, L/^^IO 11 
- 10 12 L su „). Alonso-Herrero et al. (2006) have 
further quantified the multiwavclcngth SEDs to 
classify their sources as either Broad Line AGNs 
(BLAGNs) or Narrow Line AGNs (NLAGNs). 

We matched sources identified in the ACS 
GOODS field from the version 1.1 source cata- 
log derived from the stacked V-band image with 
the IR catalog and found 37 matches within a 
3.5" radius, 30 of which fell within 1". Of these 
matches, 11 were too faint for optical photometry 
(fainter than 27th magnitude in a single V-band 
epoch) and 5 were not visible in all five GOODS 
epochs. This left a total of 22 targets. All final 
optical sources matched the IR coordinates within 
1.1". 

2.2. X-ray-Selected Galaxies 

AGN as a class are known to be X-ray sources 
and are commonly selec ted via X-ray surveys 
(Brandt & Ha singe r 2005). We matched the coor- 
dinates of objects in the Alexander et al. (2003) 
Chandra X-ray catalog with the GOODS version 
1.1 source catalog and found 200 matches within 
a 1.9" radius. Of these optical counterparts, 80 
were too faint for optical photometry, 16 were not 
visible in all five epochs, one was contaminated 
by a cosmic ray, and one optical source was added 
due to a double nucleus. Finally, one additional 
source was found by matching the GOODS cat- 
alog coordinates with the Giacconi et al. (2002) 
X-ray catalog, which also contains the 102 X-ray 
sources from Alexander et al. Thus, a total of 
104 X-ray-selected objects were photometered to 
look for optical variability. Fourteen of these ob- 
jects overlap the IR-selected sources discussed in 
Section 2.1. 

3. ACS GOODS DATA & VARIABILITY 

Aperture photometry was performed on all pre- 
selected sources in each epoch of the version 1.0 
GOODS-South V-band images using an aperture 
radius of 2.5 pixels (0.075" ). All images were visu- 



ally inspected to ensure consistent centering across 
all five epochs. The photometry yielded a light 
curve for each source. In order to quantify vari- 
ation and pick out galaxies varying significantly 
above the photometric noise, we calculated the av- 
erage magnitude, the standard deviation around 
the average (c) , and the typical photometric error 
which was calculated using the following formula: 



error a 



Y.(error mag ) 2 



N 



(1) 



Here, error mas is the formal magnitude error for 
a galaxy nucleus in each epoch and N is the total 
number of measurements (in this case N=5, for 5 
epochs). Error^ is then the RMS of the magni- 
tude errors (error mag ), essentially giving an error 
bar on the standard deviation (c). We then de- 
fined the "significance parameter" of each object's 
variability in the following way: 



Significance = 



error 



(2) 



By dividing the standard deviation by the RMS 
of its errors, we compare the amount of an ob- 
ject's variation around its average magnitude by 
its typical photometric error. Thus, the signifi- 
cance parameter of each object's variability is sim- 
ply a measure of its standard deviation normalized 
by the RMS of the photometric error. This sig- 
nificance parameter should not be interpreted in 
terms of statistical probabilities, since the num- 
ber of points (5 epochs of data) is not enough to 
determine a Gaussian distribution. Nonetheless, 
this quantity does provide a valid measurement 
of the level of variability found for each galaxy 
in our sample. We compare the significance val- 
ues against optical, IR, and X-ray properties to 
search for correlations between optical variability 
and properties at other wavelengths. Table 1 lists 
all of our objects and their optical, IR, and X-ray 
properties. 

4. DISCUSSION 

Figure 1 shows the standard deviation for each 
galaxy nucleus (a) vs. average nuclear V magni- 
tude. The error bars are error CT for each source, 
which is the RMS of the photometric errors in 
each epoch, and the solid line is 3 x error^. Ob- 
jects which have large standard deviations and rel- 
atively small values of error^ clearly stand out 
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above the solid line. We have chosen a signifi- 
cance value of 3 as our variability threshold, al- 
though throughout the paper and figures we carry 
along the significance value for each source. A 
significance of 3 or greater means that the stan- 
dard deviation is at least three times the amount 
of change in the photometric errors over the five 
epochs. Figure 2 shows variability significance vs. 
average nuclear V magnitude for all objects. The 
solid line at a significance value of 3 is the same 
as the 3 x error^. line in Figure 1. X-ray sources 
are shown as black triangles, IR sources are shown 
as gray squares, and objects that appear in both 
catalogs are shown as asterisks. 



Standard Deviation vs. Average V Magnitude 




Average V Magnitude 

Fig. 1. — Standard deviation vs. average V mag- 
nitude. The error bars are values of error^, the 
RMS of the photometric errors over five epochs. 
The line traces out values of three times the RMS 
of the photometric errors at each magnitude. Ob- 
jects with standard deviations greater than this 
value are considered to be varying in the optical. 

We find a total of 29 variables out of the 112 
galaxies selected via X-ray and mid-IR emission, 
resulting in a 26% variability rate for our candi- 
dates. Eight of the 14 objects (57%) which are 
both mid-IR power law-selected AGN candidates 
and X-ray sources show significant optical variabil- 
ity. Many of these are also among the brightest 
optical sources. Detection in both X-rays and the 
MIR indicates the presence of an AGN with some 
dust present to reprocess a portion of the light 
and re-emit it in the infrared. Among the other 
variable objects, those detected only in X-rays are 
likely AGN enshrouded by little dust, resulting in 



no significant reprocessed light and were thus not 
identified in the mid-IR-selected sample. Two of 
the objects detected as optical variables were iden- 
tified via mid-IR power-law SEDs only and do not 
show X-ray emission (squares). These sources are 
likely obscured AGNs that do not show up in X- 
rays because much of the X-ray, UV, and optical 
light is reprocessed into the mid-IR. Thus, while 
these objects would not be selected as AGN via X- 
ray emission, they do show optical and IR evidence 
of their AGN nature. In total, we find that 10 
out of 22 mid-IR-selected AGN candidates (45%) 
and 27 out of 104 X-ray-selected AGN candidates 
(26%) show optical variability over the course of 6 
months. 



/a Sv- , > 



Average V Magnitude 

Fig. 2. — Significance vs. average V magnitude 
(r=2.5 pixels) for all objects in this study. Black 
triangles represent objects detected only in X- 
rays, gray squares represent objects selected via 
IR power law behavior, and asterisks represent 
objects that appear in both catalogs. The solid 
line at significance 3 separates the variable objects 
from the nonvariable objects as discussed in Sec- 
tion 4. 

We further explore the properties of the mid- 
IR-selected AGN in Figure 3. Alonso-Herrero 
ct al. (2006) separate BLAGN-like SEDs from 
NLAGN-like SEDs at « - -0.9, where steeper 
(i.e., more negative) values represent NLAGNs 
and shallower power law SEDs arc classified as 
BLAGNs. This figure reveals that 7 out of 11 
galaxies classified as BLAGN are optical variables 
(64%), 2 out of 4 borderline sources are vari- 
able (50%), and only one of 7 NLAGNs shows 
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optical variability (14%). Traditionally we ex- 
pect that optical variability should be most ob- 
servable among Type 1 AGN, since the leading 
theory for the cause of variability i s based on in 



around log(F ;E /F opt ) 
tween log(F a; /F p t ) = 



=0 and cover the range be- 
1 to -2, which is the general 



stabi lities within the accretion disk (jPerevra et al 
l2006h . These instabilities would be most apparent 
in Type 1 AGN, which give us a clear view of this 
part of the system in the unified model. Therefore, 
our findings are consistent with this expectation, 
but also show that many borderline and a small 
fraction of NLAGNs can also be identified as op- 
tical variables. 

Significance vs. Spectral Index of IR-selecfed Sources 



-1.0 
Spectral Index (a) 



Fig. 3. — Optical variability significance vs. spec- 
tral index for mid-IR-selected galaxies. Gray 
squares represent those sources found only via 
mid-IR selection and asterisks represent objects 
identified as both IR and X-ray sources. The verti- 
cal line at a = -0.9 shows the approximate dividing 
line between SEDs classified as NLAGNs (steeper 
SEDs having more negative spectral indices) and 
BLAGNs, and the solid horizontal line at signifi- 
cance 3 separates variables from non- variables. 

Of the X-ray sources in our study, only 26% 
are found to be optical variables. To interpret 
these statistics, we first calculated the X-ray-to- 
optical flux ratios for the X-ray sources to deter- 
mine that they are indeed AGN. We use the R- 
band magnitudes for the X-ray sources from Gi- 
acconi et al. (2002), taken with the FORS1 cam- 
era at the VLT and the Wide Field Imager (WFI) 
on the ESO-MPG 2.2 meter telescope at La Silla. 
There are 93 objects with published R magnitudes 
in our sample of 104 X-ray objects (89%). We 
find that the X-ray sources in our survey cluster 



range of values for AGN (jComastri et al. 
Szokolv et al.l 1200*4 ). We also find four sources 
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with log(F a ,/F opt )<-2 (AID 182, 189, 192, and 
207). These sources have optical variability signf- 
icance values of 0.83, 4.88, 2.09, and 4.64, respec- 
tively. The two with high significance values (>3) 
may be AGN which simply have low F x /F opt val- 
ues, consistent wit h some optical variables identi- 
fied i n the HDF-N (jSaraiedini. Gilliland. fc Kasm 
2003). The other two, having both low variabil- 
ity significance and low F x /F opt , may in fact not 
be AGN. Thus, 98% of the X-ray sources have 
F x /F opt values consistent with AGN. 

To investigate trends among variability and X- 
ray band ratio, we used the published values of 
Alexander et al. (2003), where the band ratio 
(BR) is the ratio of the hard X-ray band (2-8 
keV; HB) source counts to the soft X-ray band 
(0.5-2 keV; SB) counts. We arbitrarily separate 
"hard" sources from "soft" sources at a band ratio 
of BR=0.5, with soft sources having BR<0.5. Of 
the 100 X-ray-selected AGN candidates for which 
a band ratio is measured, 37% are soft sources and 
63% are hard sources. Figure 4 shows variability 
significance vs. X-ray band ratio. We find that 19 
out of the 37 X-ray sources with soft band ratios 
are variable (51%). There are very few variable ob- 
jects with band ratios greater than 0.5 and there 
are no variables among those sources with band 
ratios harder than 2. We find only 8 variables out 
of 62 sources with a band ratio greater than 0.5. 
These findings are consistent with the expectation 
that harder band ratios indicate a more obscured 
source, which will likely show less optical vari- 
ability as dust may be obscuring and reprocessing 
the optical AGN light. Objects which exhibit soft 
band ratios are less obscured and therefore much 
easier to detect as variables. In summary, 51% of 
soft X-ray sources (BR<0.5) are optical variables, 
16% of sources having band ratios in the range 
0.5<BR<2 are variables (8 of 48), and no objects 
with BR>2 are detected as optical variables. We 
clearly observe a decreasing level of optical vari- 
ability with increasing X-ray hardness. 

Webb & Malkan (2000) find that the ampli- 
tude of optical variability in AGN increases on 
timescales of 1-100 days, with 60% of AGNs vary- 
ing on month-to-month timescales. The objects in 
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Significance vs. Band Ratio of X-ray Sources 




Fig. 4. — Significance vs. X-ray band ratio, de- 
fined as BR=HB/SB. Black triangles represent 
sources detected only in X-rays, while asterisks 
are sources detected in both X-rays and selected in 
the mid-IR. Leftward-pointing arrows are objects 
for which the band ratio is only an upper limit; 
rightward-pointing arrows are objects for which 
it is a lower limit. The vertical line at 0.5 sepa- 
rates hard (BR>0.5) and soft (BR<0.5) band ra- 
tios, and the solid horizontal line at significance 3 
separates variables from non- variables. 



their study are estimated to have magnitudes sim- 
ilar to the objects in our sample. The results from 
Figure 4 are consistent with this expectation, as 
we see 51% of objects with soft band ratios show- 
ing variability. The 49% of soft sources that do not 
show variability are thus likely to be AGN that do 
not have variability timescales to which our survey 
is sensitive - our baseline of months is not suffi- 
cient to pick up variability in these sources. Webb 
& Malkan also found that the observed variability 
does not appear to depend on other AGN prop- 
erties; a similar study over the same timcscalc 
of the same galaxies would reveal the same per- 
centage of variability, though the specific galax- 
ies found to show the greatest variability would 
change. Thus, among the soft X-ray sources, it 
is plausible that all would show optical variability 
if observed over a longer time baseline (i.e., sev- 
eral years). This interpretation is also valid for 
the mid-IR-selected sources. We found that 50 to 
63% of the BLAGN/borderline SEDs are optical 
variables. Again, all may be variable when ob- 
served over longer time baselines. The drop in the 



fraction of optical variables among harder X-ray 
sources and the NLAGN SEDs among IR-selected 
sources, however, is likely due to increased levels 
of obscuring material in these types of AGN. 

For the many non- variable X-ray sources, a 
coexisting possibility is that some fall into the 
class of X-ray Bright Optically Normal Galaxies 
(XBONGs), objects which appear as AGNs via 
X-ray flux but lack optical evidence for accretion 
(Comastri 2002). Such objects tend to have hard 
X-ray flux ratios indicative of obscured accretion. 
Some of these objects can be explained as AGN 
which are dominated by their host galaxy light, 
which would dilute the AGN light and mask op- 
tical evidence for accretion. Additionally, Rigby 
et al. (2006) studied hard X-ray-selected AGNs 
in host galaxies having a wide range of inclination 
angles. They concluded that the optical dullness 
in some AGN within host galaxies that are not 
face-on or spheroidal may be a result of obscur- 
ing material aligned with the host galaxy and far 
from the ionizing nuclear activity. This is con- 
sistent with our finding of fewer optical variables 
among harder X-ray sources. 

Finally, we have investigated whether there is 
any relationship among the published X-ray band 
ratios and the multiwavclcngth SED classifications 
of Alonso-Herrero ct al. (2006), and how that 
might relate to the detection of optical variabil- 
ity. Interestingly, of those sources selected via 
both X-ray and mid-IR criteria, most (10 out of 
14) have soft band ratios. Somewhat surprisingly, 
the hardest source from this subset of galaxies 
(AID 179) is classified with a BLAGN SED. All of 
the optical variables detected in both X-rays and 
via mid-IR selection are soft X-ray sources with 
BR<0.5. Thus, wc do not observe a clear cor- 
relation between the X-ray and multiwavelength 
SED AGN classifications. Similarly, Barmby et 
al. (2006) finds only marginal agreement between 
AGN classification determined separately based 
on mid-IR SEDs and X-ray band ratios, although 
the amount of obscuration present should in prin- 
ciple affect both wavelength regimes. They list 
variations in the gas-to-dust ratio or a range of in- 
trinsic AGN properties as possible reasons that the 
IR and X-ray classifications do not tend to agree. 
Such reasons may also explain the many non-X- 
ray-detected galaxies with IR properties similar to 
those that are detected in X-ray surveys. 
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5. CONCLUSIONS 

We have investigated the presence of optical 
variability in AGN candidates selected via X-ray 
emission and mid-IR power law SEDs. We find a 
range of variability amplitudes among these can- 
didates, with 26% having optical flux variations 
around the mean that are at least 3 times the typ- 
ical photometric error. The most significant vari- 
ables are both mid-IR- and X-ray-selected AGN 
and are bright optical sources. Most of the vari- 
ables, however, are X-ray-only selected sources 
with soft band ratios, indicating a relatively unob- 
scured AGN with negligible amounts of dust near 
the ionizing source. These findings are consistent 
with the expectation that optical variability se- 
lects primarily Type 1, unobscured AGN. 

We find several indications, however, that opti- 
cal variability is also observable among more ob- 
scured AGN, albeit with a much lower detection 
rate. Eight of the optically variable X-ray sources 
in our survey have band ratios greater than 0.5. 
A higher band ratio indicates higher column den- 
sities of obscuring material along the line of sight. 
We find that the optical variability significance 
decreases with increasing amounts of obscuration. 
Using the multiwavelength SED classifications of 
Alonso-Herrero et al. (2006), we find that while 
most (70%) of the optical variables are classified 
as BLAGNs, 20% are borderline NLAGN/BLAGN 
SEDs and 10% (1 of 10) have a NLAGN SED. Fi- 
nally, we detected optical variability for two mid- 
IR power law-selected AGN that are not detected 
in X-rays. Such sources may be heavily obscured 
AGN, where X-rays and much of the optical/UV 
light is blocked by dust which re-emits the light in 
the mid-IR. These sources are among the faintest 
optical sources in our survey and also lie close to 
the variability threshold. 

A large fraction of the AGN candidates (74%), 
however, do not show optical variability signifi- 
cant enough to produce flux changes greater than 
3 times the typical photometric error. Among 
the relatively unobscured sources (i.e., those de- 
tected in the X-ray with band ratios less than 
0.5), about 50% are not variable. This is con- 
sistent with the expectation that only ^60% of 
AGN show optical variability on m onth-to-month 
timescales (|Webb fc MalkaifeOOOh . Thus, the ma- 
jority of unobscured AGN that do not show optical 



variability may be optical variables when observed 
on longer time intervals of years. The inclusion of 
additional epochs of imaging data for GOODS-S 
will help to answer this question. Another possi- 
bility is that some of the sources are in the class 
of "optically dull" galaxies which exhibit AGN X- 
ray luminosities but show no optical evidence for 
accretion. Some may be dominated by light from 
the non- varying host galaxy, while others may re- 
side in galaxies with large amounts of obsuring 
material in the host. 

This paper is based on observations with the 
NASA/ESA Hubble Space Telescope, obtained at 
the Space Telescope Science Institute, which is op- 
erated by the Association of Universities for Re- 
search in Astronomy, Inc., under NASA contract 
NAS5-26555 and observations with the Keck tele- 
scope, made possible by the W. M. Keck Founda- 
tion and NASA. Funding was provided by STScI 
grant AR-09948.01-A and NSF CAREER grant 
0346691. 

Facilities: HST (ACS), Spitzer (MIPS), CXO 
(ACIS-I). 
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254 


J033242. 86-274702. 7 


53. 


1785932 


-27.7840820 


25.27 


0.09 





02 


3.93 


- 


- 




0.52 


256 


mips009708 J033243. 24-274914. 2 


53. 


1801493 


-27.8206046 


23.24 


0.37 





01 


45.95 


-0.6 


0.2 




0.36 


258 


J033244. 01-274635.0 


53. 


1833644 


-27.7763817 


25.38 


0.03 


0. 


03 


1.24 


- 


- 




0.23 


260 


J033244. 27-275141.1 


53. 


1844471 


-27.8614196 


22.17 


0.02 


u. 


m 
in 


3.74 


- 


- 




n 17 


261 


J033244. 31-275251. 3 


53. 


1846401 


-27.8809173 


24.25 


0.21 


0. 


01 


15.99 


- 


- 




0.29 


262 


J033244. 44-274819.0 


53. 


1851517 


-27.8052754 


23.81 


0.02 


0. 


01 


1.56 








0.36 


263 


J033244. 45-274940. 2 


53. 


1852272 


-27.8278365 


25.29 


0.16 


0. 


02 


7.06 








1.47 


264 


J033244.60-274835.9 


53. 


1858335 


-27.8099684 


25.48 


0.03 


0. 


03 


1.23 








0.55 


265 


.7033245.02-275439. 6 


53. 


1875770 


-27.9109950 


23.15 


0.02 


0. 


01 


1.25 






< 


0.85 


266 


J033245. 11-274724.0 


53. 


1879518 


-27.7899986 


23.28 


0.01 


0. 


01 


1.45 






< 


0.66 


267 


.7033245.68-275534.4 


53. 


1903431 


-27.9262231 


22.79 


0.01 


0. 


01 


1.34 








0.41 


269 


J033246. 41-275414.0 


53. 


1933716 


-27.9038774 


23.88 


0.02 


0. 


01 


1.49 








1.04 


273 


J033247. 18-275147.5 


53. 


1965772 


-27.8632067 


25.95 


0.16 


0. 


.04 


4.35 






< 


1.08 


276 


J033248. 18-275256.6 


53. 


2007350 


-27.8823907 


23.58 


0.03 


0. 


01 


3.74 








1.88 


286 


J033252. 88-275119.8 


53. 


2203537 


-27.8555099 


24.13 


0.19 


0. 


01 


15.25 








0.40 


292 


.7033256.71-275319.1 


53. 


2362800 


-27.8886316 


23.51 


0.01 


0. 


.01 


1.40 






< 


0.62 



1 This is an additional source from the Giacconi et al. (2002) catalog; the ID number listed is that given by Giacconi et 
al., not that of Alexander et al. (2003) 

a AID stands for Alexander ID (Alexander et al. 2003) 

b MIPSID is the MIPS 24 ^m name (Alonso-Hcrrcro et al. 2006) 

c a is the spectral index of IR-sclcctcd galaxies (Alonso-Hcrrcro ct al. 2006) 

d Band Ratio is defined as Hard Band/Soft Band (Alexander ct al. 2003) 



